Objective. Sleep habits have been associated with risk of cardiovascular disease (CVD) and metabolic disturbances, but the mechanisms underlying these associations have yet to be fully elucidated. We aim to determine whether sleep duration and/or snoring are associated with biomarkers of CVD in women with type 2 diabetes. Research design and method. We studied 935 women aged 43 to 69 years enrolled in the Nurses' Health Study cohort with type 2 diabetes who had no history of documented coronary heart disease or stroke in 1990. Information on sleep duration and snoring frequency was collected in 1986 from mailed questionnaires and biomarkers of CVD were measured from blood samples taken in 1989-90. Results. Longer sleep duration was associated with increased levels of C-reactive protein (CRP) after adjusting for age, body mass index (BMI), lifestyle factors, family history of diabetes, glycemic control and medication use (P=0.05). HDL was decreased with short and long sleep duration among normotensive (P=0.02) but not hypertensive women. More frequent snoring was directly associated with triglycerides (P=0.02) and inversely associated with HDL cholesterol (0.03) and adiponectin (P=0.03) in multivariate-adjusted analyses.
Mounting
evidence from epidemiologic research indicates that sleeping habits may play an important role in human health. According to the National Sleep Foundation (NSF), mean sleep duration of Americans is estimated at 6.9 hours per day (1) , and data from 2-week sleep diaries of healthy subjects suggests that sleep duration on weekends is about half an hour longer than on weekdays, possibly indicating compensation for sleep debt (2) . Of added concern, the NSF also reports that 56% of Americans snore at least 3 nights per week, with 24% snoring nearly every night. Of all participants surveyed, 8% had symptoms consistent with a diagnosis of OSA (1) . These data underline the high prevalence of sleep deprivation and/or poor quality of sleep in today's society.
Both short (less than 5 hours per day) and long (more than 9 hours per day) duration of sleep have been associated with higher risk of all-cause mortality(3), coronary heart disease (CHD) (4) , and hypertension (5, 6) . Several large prospective cohort studies, including the National Health and Nutrition Examination Survey (NHANES I) and the Nurses' Health Study (NHS) (7) (8) (9) , have demonstrated an increased risk of obesity with habitual sleep deprivation.
Sleepdisordered breathing has been associated with greater risk of insulin resistance and type 2 diabetes prospectively in NHS (10) and in several smaller cross-sectional studies (11) (12) (13) (14) , as well as with increased rates of hypertension, stroke, and acute coronary events(15-19). These observational results are consistent with unfavorable changes in glucose tolerance and increases in sympathetic activation demonstrated in experimental sleep-deprivation studies (20) . However, the biological mechanisms underlying these associations have yet to be fully elucidated, and only a limited number of studies have examined the relationship between sleep habits and established biomarkers of CVD (8, (21) (22) (23) (24) . Thus, we obtained information on sleep duration and frequency of snoring and measured plasma concentrations of biomarkers of CVD. The objective of our investigation was to determine whether short and/or long sleep duration and, in a separate analysis, snoring are associated with increased total or LDL cholesterol, triglycerides, leptin, or inflammatory markers C-reactive protein (CRP), lipoprotein(a), soluble E-selectin (sEselectin), soluble intercellular adhesion molecule-1 (sICAM-1), and soluble TNF-α receptor II (sTNF-α RII) and/or decreased HDL cholesterol or adiponectin levels.
RESEARCH DESIGN AND METHOD
The Nurses' Health Study (NHS) began in 1976 with the enrollment of 121,700 female nurses between 30 and 55 years of age who received mailed questionnaires every two years thereafter on lifestyle factors and health outcomes. From 1989-90, blood samples were obtained from 32,826 study participants, and among these women who returned blood samples, 1,188 had a confirmed diagnosis of type 2 diabetes. At the time of blood draw, the age of the women ranged from 43 to 69 years. Diagnosis of diabetes was made and validated as previously reported(25), and 74% had a duration of illness greater than 2 years. Women with prior coronary heart disease, nonfatal myocardial infarction, coronary artery bypass grafting, percutaneous transluminal coronary angioplasty, and stroke at blood draw in 1989 or 1990 were excluded from analyses, resulting in a final sample size of 935.
Assessment of sleep duration and snoring frequency
In response to the phrase, "Indicate total hours of actual sleep in a 24 hour period" on the 1986 form, participants chose from categories of ≤5, 6, 7, 8, 9, 10, or ≥11 hours. Because of small number of respondents reporting sleep greater than 9 hours per day, we created categories of ≤5 hours, 6 to 7 hours, 8 hours, and ≥9 hours for analyses. Frequency of snoring was determined from the item "Do you snore?" with possible responses of "Regularly," "Occasionally," and "Never." The validity of reported sleep habits with 1-week sleep diaries in the NHS cohort have been published previously (3) .
Blood collection and processing
Blood was collected and stored in 1989-90 as previously described(26). Concentrations of total/HDL cholesterol and triglycerides were measured simultaneously on the Hitachi 911 analyzer (Roche, Indianapolis, IN) with coefficients-ofvariation (CV) less than 1.8%, and LDL cholesterol was measured using a homogenous direct method (Genzyme, Cambridge, MA) with a CV less than 3.1%. Adiponectin and leptin were quantified using a radioimmunoassay from Linco Research (St. Charles, MO) with sensitivity of 2µg/ml and intraassay CV of 1.8-6.2% for adiponectin and sensitivity of 0.5ng/ml and intraassay CV of 8.3% for leptin. Plasma CRP was measured using US CRP ELISA kit (Diagnostic Systems Laboratories, Inc., Webster, TX) with a CV range of 2.8-5.1%. Lipoprotein(a) was measured by a latexenhanced immunoturbidimetric method (Denka Sieken, Tokyo, Japan), with a CV of 2.6%. Soluble ICAM-1, E-selectin, and TNF-α RII were assayed using ELISA kits (R&D Systems, Minneapolis, MN) with CVs less than 8.8%.
Assessment of lifestyle exposures
Data We tested for interaction of hypertensive and menopausal status with sleep habits using a multiplicative term and ran stratified analyses where appropriate. Analyses were conducted using the SAS statistical package (Version 8.2 for UNIX, SAS Institute, Cary, NC). A twosided level of α=0.05 was used to determine statistical significance.
RESULTS
Study population characteristics by hours of sleep per 24h are presented in Table  1 . Women sleeping 5 hours or less per 24h tended to be younger and have higher BMI than women who sleep 6 or more hours per night. Short sleepers were more prone to have a family history of diabetes and were marginally more likely to have a history of hypertension as compared to women with sleep durations of 6 hours or more. Long sleep duration was associated with marginally increased alcohol consumption and greater prevalence of current smoking. Women sleeping 9 or more hours had a lower proportion of full-time employment than women sleeping 8 hours or less per 24h (Table 1) . When participants were grouped based on snoring frequency (never, occasionally, regularly), women who reported most often snoring tended to be older (P=0.03), have higher BMI (P<0.0001) and WHR (P<0.01) and lower activity levels (P=0.03), reported greater alcohol consumption (P=0.04), were more likely to be hypertensive (P<0.0001), and were less likely to report use of diabetes medication (P<0.01) or diuretics (P=0.02) than women who never snored or snored only occasionally (Table 2) .
No differences in biomarker levels among different sleep durations were found in crude analysis (Table 3) . After adjusting for age and BMI, CRP concentration was significantly elevated in women sleeping longer than 9 hours (P=0.01). Adjusting additionally for lifestyle factors, family history of diabetes, glycemic control and medication use attenuated the association slightly, but did not diminish the significance of the relationship (P=0.05). Controlling further for WHR did not materially alter reported values (data not shown). Multivariate adjusted CRP concentrations were 3.9mg/L for women sleeping 5 or fewer hours and was increased to 5.6mg/L for women sleeping 9 or more hours per night (P=0.05). We did not find duration of sleep to be associated with other biomarkers in either crude or adjusted models (Table 3) .
We also examined linear associations of mean analyte concentrations by frequency of snoring (Table 4) . Snoring frequency was significantly associated with HDL cholesterol, triglycerides, adiponectin, leptin, CRP, sEselectin, and sTNF-α RII (all P<0.05) and marginally with sICAM-1 (P=0.06). Controlling for age and BMI attenuated these relationships, but associations of snoring with HDL cholesterol, triglycerides, adiponectin, and leptin remained statistically significant. These associations also persisted after multivariate adjustment for additional variables, although the trend between snoring and leptin became marginal (P=0.10). Adjusting further for WHR did not appreciably change these results (not shown). HDL cholesterol decreased linearly with reports of more frequent snoring from 53mg/dl in women reporting never snoring to 50mg/dl in those reporting regular snoring (P=0.03), and triglycerides increased from 137mg/dl to 163mg/dl (P=0.02). In addition, adiponectin decreased from 7.7 to 6.4µg/ml (P=0.03), and leptin increased from 39.8 to 45.9ng/dl (P=0.10) ( Table 4) .
We found no significant interaction between menopausal status and sleep duration or snoring (P>0.05 for all). There was evidence of a differential association between sleep duration and HDL concentration by hypertensive status (P for interaction=0.008). Stratified analyses revealed significant differences in HDL between sleep duration groups among normotensive women, with mean levels of 49.8mg/dl for women sleeping <5h, 50.1mg/dl for 6-7h, 54.4mg/dl for 8h, and 47.8mg/dl for ≥9h (P=0.02). No significant differences in HDL were detected among hypertensive women (P>0.10). We found no evidence of interaction between sleep duration or snoring and hypertension in predicting any other biomarker (P>0.10 for all).
DISCUSSION
Research over the past several years indicates that both short and long sleep duration as well as snoring are associated with the development of cardiovascular and metabolic disorders(4,10-15,17-19,30,31). Our results suggest that these effects may be related to associations of sleep duration and snoring with serum concentrations of certain biomarkers of CVD risk among women with type 2 diabetes.
The biological mechanisms underlying the relationship between sleep and cardiovascular-related conditions remains to be fully elucidated, and associations of sleep habits with biomarkers of CVD have not been thoroughly examined. Much of the emphasis of prior research regarding sleep duration and cardiovascular-related outcomes has focused on the adverse effects of sleep deprivation. Short-term sleep restriction to 4 hours per day for several days has been shown to increase sympathetic nervous system activity and result in elevated concentrations of CRP, interleukin-6, and TNF-α(20-22). To our knowledge, no studies to date have examined causes of increased cardiovascular and metabolic disease, including levels of biomarkers of CVD, among individuals with long sleep duration. In our study, we found higher levels of CRP in women sleeping 9 or more hours, providing a novel biological explanation for the poorly understood relationship between extended sleep and cardiovascular morbidity and mortality. CRP is a hepatocyte protein whose synthesis is mediated by interleukin-6 and TNF-α and displays little circadian variability(21). It is the primary marker of protein formation in response to inflammatory stimuli and has been shown to predict stroke and myocardial infarction. CRP may be directly implicated in atherosclerosis by promoting endothelial secretion of inflammatory mediators and increasing macrophage uptake of LDL(21). Pro-inflammatory cytokines have been shown to be elevated in conditions of obesity and insulin resistance and are believed to also play key roles in sleep pathology, such as sleep apnea and fatigue. The sleep-inducing effects of pro-inflammatory cytokines is presumed to be an evolutionary adaptation to promote recovery from illness(32). Thus, a possible mechanism explaining the observed associations between CRP, CVD, and long sleep duration in individuals with diabetes may be that increased pro-inflammatory cytokines induce sleep and in parallel raise CRP concentrations which promote the development of CVD.
Sleep-disordered breathing and OSA have also been independently associated with cardiovascular and metabolic disturbances in both men and women (10) (11) (12) (13) (14) (15) (17) (18) (19) 31) . OSA, which is characterized by cessation of airflow during sleep due to upper airway collapse, has been shown to acutely increase both vascular sympathetic nerve activity and arterial blood pressure(16,33), and chronic effects of OSA include glucose intolerance, hypertension, and atherosclerosis due to oxidative stress, sympathetic activation, endothelial dysfunction, and inflammation (10, 16, 34) . Previous case-control(35) and OSA treatment intervention(36) studies have found significant positive associations between OSA and adhesion molecules, and additional casecontrol studies have linked OSA with increased levels of CRP, interleukin-6, and TNF-α(37,38). Crude analysis of our data showed increased CRP, sE-selectin, sICAM-1, and sTNF-α RII with more frequent snoring, but after adjusting for age and BMI, these associations became non-significant. However, significant associations of sleepdisordered breathing with HDL, triglycerides, and adiponectin While we saw similar associations for pre-and postmenopausal women, the small proportion of premenopausal women limits the generalizability of our results to this population, as well as to women without diabetes or to men. Future studies may also consider the impact of polycystic ovarian syndrome, which has been associated with pre-menopausal insulin resistance and OSA(48,49) but was not diagnosed in our study. The possibility remains that measurement error due to collecting covariate data at different timepoints and/or circadian variability from nonuniform timing of blood sampling may have introduced a degree of random misclassification, skewing reported associations toward the null. Use of more precise measures of sleep-related variables, such as polysomnographies, may reduce variability, but these techniques are logistically unfeasible to perform in large epidemiology studies, such as ours. Although women with baseline coronary heart disease or stroke were excluded from the study, reverse causality cannot be withheld as an explanation of reported associations, as it is possible that pre-existing undiagnosed cardiovascular morbidity may have influenced sleeping patterns.
In summary, our results suggest that inflammatory processes including increased CRP and, in normotensive women, decreased HDL may contribute to the previously observed association between sleep duration and increased cardiovascular morbidity and mortality in women with type 2 diabetes. Alterations in lipid profile and adiponectin levels may explain in part the metabolic and cardiovascular disturbances associated with frequent snoring. These findings further clarify and emphasize the impact of sleep habits on cardiovascular biology. 
ACKNOWLEDGEMENTS

